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ABSTRACT 
The objective of this study was to assess carcass and meat quality of Black Angus × White Lamphun (A×W) in comparison to 
Black Angus × Holstein Friesian (A×H) crossbred cattle. In this experiment, sixteen Angus crossbred cattle, eight from each 
crossbred type, were randomly selected at an average age 20-24 month for slaughter under standard condition. Slaughter weight, 
carcass quality and proportions of commercial prime retail cuts were determined. The Longissimus dorsi muscle (LD) was 
selected to evaluate meat quality. Carcass yield (proportion of live weight) was higher (P<0.01) with the A×H than the A×W 
crossbred. No significant differences were observed between A×H and A×W for hot and chilled carcass weight, carcass length, 
back fat thickness and loin eye area. The A×W crossbred was superior (P<0.05) compared with A×H in chuck, shot rib and sir 
loin percentage. The lightness (L*) of the LD of A×W was higher (P<0.01) and redness (a*) as well as protein content was lower 
(P<0.05) than in A×H. Drip loss, yellowness (b*), fat, and moisture content were not significantly different between the two 
crossbred types. Thiobarbitiric acid reactive substance (TBARS) levels were increased with storage period in every group, but 
this at a lower level with the A×W. In conclusion, A×W was superior to A×H incarcass and meat quality, with similar carcass 
weights at lower dressing percentage. So, promoting of A×W, is a promising first step in creating improved genotypes suitable to 
cover the demands of the livestock industry of Thailand at concomitantly lower production costs for the farmers. 
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1. Introduction  
 
The demand for high quality beef has increased in Thailand, but the growth rate of cattle is not sufficient to 
cover demands for domestic consumption (DLD, 2004; Waritthitham et al. 2010). Therefore, improvement of cattle 
production systems is expected to be necessary in Thailand. Globally, developments in animal breeding, nutrition 
and health will continue to increase animal productivity. Therefore, in order to further improve cattle performance, 
crossbreeding of Thai native cattle with other exotic beef cattle is of interest because the problem of Thai production 
systems is that Thai native cattle are of relatively small size, low weigh (around 200 to 300 kg) and do not have a 
good growth performance. Advantages of Thai genotypes is their heat resistance, diseases tolerance, good utilization 
of roughage, high fertility and good maternity characteristics (Jaturasitha et al., 2009). Going for the other extreme, 
i.e. to import of purebred Bos Taurus for commercial production in Thailand, is not meaningful due to the lack 
ofthese traits. However, with semen import, Bos Taurus genotypes could represent appropriate paternal lines 
because they bring into a crossbred part of their high dressing percentage, high quality of meat, high marbling, good 
performance and early puberty. One recent attempt by the Thai Department of Livestock Development is to develop 
crossbred type between Black Angus and Thai native cattle called “Thai Black Cattle”. The idea behind this is that 
the Angus beef is early maturing and therefore results earlier in a higher quality beef than other breeds, and that it 
may be profit from the Thai native cattle’sgood adaptation to the environment. In Northern Thailand, the White 
Lamphun is the common drought Thai Native Cattle. While the crossbred Black Angus and White Lamphun has 
been used in some cattle farms, quantitative data on carcass and meat quality of this crossbred are still lacking. 
Apart from this type of crossbred, those between Black Angus and Holstein Friesian are also interesting, as Holstein 
cows are available from Thai dairy industry.Performance data on Angus × Holstein crossbreds are reported since 
year 1972. However, the carcass and meat quality of this crossbreed reared in Thai environment is lacking, too. In 
Thailand, in addition to American Brahman, Simmental, Charolais, Limousin and Droughtmaster, Black Angus is 
one of the most widespread beef cattle breeds that is extensively used as a sire line. Chambaz et al. (2003) reported 
that, maybe partially due to the high intramuscular fat content, Angus and Limousin beef is more tender in sensory 
assessments than Simmental beef, findings that correspond to differences found in shear force (non-significant) and 
myofibrillar fragmentation index measured at 48 h post mortem. In addition, Binder et al. (2002) showed that steaks 
from Angus steers had a higher tenderness than Brahman-derivative breeds. The objective of the present study was 
to find out whether crossbreeds of Black Angus × White Lamphun can compete with Black Angus × Holstein 
Friesian cattlein carcass and meat quality, because then the adoption and realization of this crossbreeding scheme 
would be much easier. 
 
2. Materials and methods  
 
2.1. Animals and slaughtering  
 
In the experiment, 16 Angus crossbred cattle, eight from each crossbred type (Black Angus × White Lamphun; 
A×W and Black Angus × Holstein Friesian; A×H), were penned individually and randomly selected at an average 
age of 20 to 24 month for slaughter at a commercial slaughter house and slaughtered under standard condition. The 
cattle had received concentrate at 1% of live weight per day and had beene fed ad libitum on roughage (fresh and 
ensiled forage). About 24 h post mortem, samples of M. longissimus dorsi (LD) was removed from each carcass. All 
samples were cut into 2.54 cm slices and immediately vacuum packaged. After that, they were store at -20 °C for 
further analysis in the laboratory.
 
2.2. Carcass quality measurement  
 
The carcasses were split and chilled overnight at 4 °C. After chilling, cold carcass weight was recorded, and 
dressing percentage was calculated as (chilled carcass weight / live animal weight) × 100% (Jaturasitha, 2007). Rib 
eye area and back fat thickness on top of the rib eye were measured at the 12thrib. Cattle were dressed according to 
Thai carcass cutting style into in meat, bones and fat (Jaturasitha, 2007). 
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2.3. Meat quality measurement  
 
Approximately 45 min and 24h post-mortem, the pH value was measured by a pH meter (pH meter model 191, 
Knick, Berlin, Germany) in LD and SM. In the LD, meat color (L*, a* and b*) was determined using a Minolta 
chroma meter (Model CR-400, Minolta Camera Co., Ltd., Osaka, Japan) at 24 h after 1 h blooming. Chemical 
composition (percentages of moisture, protein and fat) in the LD muscle was analyzed by proximate analysis 
(AOAC, 1995). Hydroxyproline concentration was determined by a colorimetric method (absorbance at 550 nm) for 
collagen in meat (Hill, 1969). In addition, thiobarbituric acid was analyzed for the detection of lipid oxidation 
(TBARS, thiobarbituric acid reactive substances) (Rossell, 1994).  
 
2.4. Statistical analysis  
 
Data were statistically analyzed using the unpaired 2-tailed Student’s t-test with SAS 9.2 (SAS, 2008). Statistical 
significance was declared at P < 0.05.  
 
3. Results and Discussion  
 
3.1. Carcass composition and proportions of retail cuts 
 
For carcass quality, there are several factors of influence to be considered, such as the type of animal, breed, sex, 
age, physical characteristics and management, both before and after the killing, because these factors have a direct 
impact on carcass quality (King et al., 2006). Carcass traits in the two Angus crossbred types are shown in Table 1. 
A×H had a higher (P<0.05) dressing percentage than A×W (+1.4 percentage units). Live, hot carcass, chill carcass 
weights, carcass length and higher loin eye area did not significantly differ. Dressing percentage is calculated by 
without weight of the skin and offal occurring during slaughter. It is possible that the physical characteristics of 
White Lamphun crossbred include a higher percentage of weight of the head with large horns and skin. Their skin is 
characterized by a wrinkled appearance, especially around the neck compared with dairy cow breeds. This is 
consistent with Jaturasitha et al. (1989) who reported that Bos indicus cattle have a higher proportionate weight of 
the skin than Bos taurus cattle.  
 
Table 1  Carcass traits in the two Angus crossbred types 
 Genotype  
p-value Black Angus × Holstein Friesian Black Angus × White Lamphun 
Number of animal 8 8  
Live weight (kg) 319±73.2 334±57.3 0.673 
Hot carcass weight (kg) 172±46.0 174±31.5 0.904 
Chilled carcass weight (kg) 167±45.3 169±30.3 0.907 
Carcass (%) 52.1±1.89 50.7±0.86 0.009 
Carcass length (cm) 114±6.54 121±7.99 0.092 
Back fat thickness (cm) 0.31±0.21 0.30±0.14 0.891 
Loin eye area (cm2) 72.7±6.32 66.2±6.68 0.063 
 
Concerning the retail cuts, A×W tended to express higher proportions of chilled carcass compared with A×H. 
Consistent with this, trim meat and total lean meat of A×W had a higher proportion than the A×H. In contrast, the 
tendon percentage of A×H was higher (P <0.01) than in the A×W. Similarly, fat, bone and kidney knob tended to be 
higher (not significant) in proportion. Lean meat percentage of A×W was higher (P <0.01) than that of the A×H. 
This means that crossing with White Lamphun is more advantageous to maintain meatiness than crossing with a 
pure dairy breed. In addition, especially also because A×H cattle had higher bones and tendon percentage than 
A×W. These results illustrate, according to Streiter et al. (2012), the main problem with dairy breeds, namely the 
low meat productivity and extensive variation in carcass muscling, fat thickness and bone proportion.  
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Table 2 Retail cuts (% of chilled carcass)of beef in the two Angus crossbred types. 
 
Cut (%) 
Genotypes  
p-value Black Angus × Holstein Friesian Black Angus × White Lamphun 
Chuck shoulder 4.11±2.38 5.15±2.88 0.160 
Brisket  4.78±1.03 5.10±0.55 0.454 
Ribeye 4.89±0.47 4.18±0.44 <0.001 
Shot rib  1.69±0.25 2.02±0.24 0.021 
Chuck arm  1.43±0.18 1.77±0.18 <0.001 
Chuck tender 0.76±0.06 0.78±0.09 0.680 
Chuck eye  1.91±0.25 1.56±0.19 <0.001 
Shank  5.24±0.38 5.16±0.34 0.682 
Silver shank 0.33±0.08 0.35±0.05 0.752 
Skirt  0.23±0.05 0.16±0.09 0.102 
T-bone  7.17±0.38 7.30±0.35 0.478 
Sir loin  3.62±0.33 4.04±0.42 0.044 
Sirloin tip  0.66±0.13 0.76±0.08 0.084 
Top round  7.63±0.74 6.72±0.49 0.012 
Bottom round 4.99±0.44 4.32±0.29 <0.001 
Knuckle  4.09±0.41 4.23±0.29 0.452 
Bavette 2.96±0.29 2.84±0.25 0.377 
Lean meat 9.10±0.61 10.4±1.97 <0.001 
Trim meat  7.71±0.62 8.23±1.14 0.270 
Toltal lean meat  73.5±1.65 75.4±2.07 0.060 
Tendon  1.60±0.14 1.31±0.17 <0.001 
Fat  3.38±2.50 3.27±1.23 0.912 
Bone  21.5±2.22 19.9±1.66 0.133 
Kidney knob  0.56±0.35 0.43±0.18 0.360 
 
3.2. Meat quality  
 
Effects of crossbred type on meat quality are shown in Table 3. The pH at 45 min and 24 h post mortem in LD 
and SM was higher in A×H than in A×W. Jaturasitha et al. (2009) reported that the water holding capacity depends 
on genetic and management during slaughter. The central relationship between pH value and water holding capacity 
is also described in textbooks (e.g. Offer and Knight, 1998).Lightness (L*) and redness (a*) of A×W meat was 
higher compared with A×H (P<0.05), the differences in yellowness (b*) were not significant. Waritthitham et al. 
(2010) found higher redness (a*) and yellowness (b*) values in meat from Charolais × Thai native crossbreds 
compared to Brahman × Thai native whereas lightness (L*) was not differ between genotypes, and no effect of 
slaughter weight on meat color was recorded. Protein and moisture percentages of A×W meat were higher and fat 
percentages were lower than in meat from A×H (P<0.05). TBARS values on Day 0, 3, 6 and 9 were higher in A×H 
compared with A×W. Lynch et al. (2000) described that unsaturated fatty acids increase the inclination for oxidation 
of fat causing to unsolicited smell and reduced shelf life. Accordingly, Warren et al. (2008) found that lipids in 
Aberdeen Angus crossbreds were less susceptible to rancidity than in Holstein Friesian. Collagen concentration was 
higher in A×H compared with A×W, consistent with the higher bone and tendon proportions of the A×H. Albertí et 
al. (2008) reported that substantial amounts of insoluble collagen and total collagen are commonly found in dairy 
cattle breeds like Jersey, Holstein and Danish Red Cattle. 
 
4. Conclusion  
 
With the present experiment carcass and meat quality of Black Angus × White Lamphun was assessed in 
comparison to Black Angus × Holstein Friesian crossbred cattle. It was found that Black Angus × White Lamphun 
had a lower dressing percentage but a higher meatiness and, in some respects, a better meat quality. Therefore, 
promoting of Black Angus × White Lamphun, as a first step of creating improved genotypes suitable to the demands 
of the livestock industry of Thailand at concomitantly lower production costs for the farmers, seems promising.  
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Table 3 Meat quality as measured in the M. longgissimus dorsi (LD) and in the M. semitendinosus (SM; only pH) in the two Angus crossbred 
types. 
 
Meat quality trait 
Genotypes  
 
p-value 
Black Angus × Holstein Friesian Black Angus × White Lamphun 
pH 45 minLD 6.67 ± 0.07 6.64 ± 0.19 0.683 
pH 24 hLD 5.61 ± 0.10 5.51 ± 0.16 <0.001 
pH 45 minSM 6.70 ± 0.12 6.42 ± 0.05 <0.001 
pH 24 hSM 5.64 ± 0.08 5.54 ± 0.05 0.007 
Drip loss 3.82 ± 0.78 3.33 ± 0.57 0.164 
Color1 
  Lightness (L*) 37.0 ± 2.80 41.4 ± 1.95 <0.001 
  Redness (a*) 16.6 ± 2.68 19.2 ± 1.39 0.034 
  Yellowness (b*) 9.64 ± 2.35 11.0 ±1.74 0.122 
Chemical  composition, g/100g meat 
  Protein 20.8 ± 0.73 21.6 ± 1.22 0.023 
  Fat 3.09 ± 1.29 2.56 ± 1.45 0.205 
  Moisture 74.5 ± 0.98 74.8 ± 1.00 0.472 
Collagen, g/100g meat 
  Soluble collagen 1.06 ± 1.13 0.45 ± 0.50 <0.001 
  Insoluble collagen 4.94 ± 5.27 3.01 ± 3.33 <0.001 
  Total collagen 6.00 ± 6.24 3.45 ± 3.73 <0.001 
TBARS value, μM/kg 
  Day 0 0.35 ± 0.72 0.09 ± 0.07 0.051 
  Day 3 0.48 ± 0.64 0.15 ± 0.08 0.064 
  Day 6 1.33 ± 1.74 0.24 ± 0.39 0.043 
  Day 9 1.69 ± 2.02 0.40 ± 0.30 0.026 
1L*= Lightness (white = 100, black = 0), a*= redness (green = -80, red = 100), b*= yellowness (blue = 50, yellow = 70) 
Acknowledgements 
This research was supported by Chiang Mai Fresh Milk Farm Company in Chiang Mai, Thailand, Tak beef 
coop., Muang Tak, Tak. The financial supported by the National Research University under the commission of 
higher Education, Ministry of Education, Royal Thai Government. 
 
References  
 
Albertí, P., Panea, B., Sañudo, C.J. Olleta, L., Ripoll, G., Ertbjerg, P., Christensen, M., Gigli, S., Failla, S., Concetti, S., Hocquette, J.F., Jailler, 
R., Rudel, S., Renand, G., Nute, G.R., Richardson, R.I., Williams. J.L., 2008. Live weight, body size and carcass characteristics of young 
bulls of fifteen European breeds. Livestock Science 114, 19-30.  
AOAC., 1995. Official Methods of Analysis. Association of Official Analytical Chemist. Arlington, VA. USA.  
Binder, T.D., Wyatt, W.E., Humes, P.E., Franke D.E., Blouin D.C., 2002. Influence of Brahman-derivative breeds and Angus on carcass traits, 
physical composition, and palatability. Journal of Animal Science 80, 2126-2133.  
Chambaz, A., Scheeder, M.R.L., Kreuzer M., Dufey P.-A., 2003. Meat quality of Angus, Simmental, Charolais and Limousin steers compared at 
the same intramuscular fat content. Meat Science 63, 491-500.  
DLD., (Department of Livestock Development). 2004. Economic data of import meat and meat product in 2003. Bangkok, Thailand: Ministry of 
agriculture and cooperative royal Thai government.  
Hill, F., 1966. The solubility of intramuscular collagen in meat animals of various ages. Journal Food Science, 31, 161-166.  
Jaturasitha, S., 2007. Meat Management. (4rd ed.). Chiang Mai, Thailand: Mingmuang Press. 171 p.  
Jaturasitha, S., Norkeaw, R., Vearasilp, T., Wicke, M., Kreuzer, M., 2009. Carcass and meat quality of Thai native cattle fattened on Guinea grass 
(Panicum maxima) or Guinea grass–legume (Stylosanthesguianensis) pastures. Meat Science 81, 155–162.  
Jaturasitha, S., Potikanond, N., Mikled, C., 1989. A study on carcass quality of finishing White Lamphun cattle 1. A comparative study on Thai 
style cutting and national livestock and meat board. Journal of Agriculture 5(3), 171-178.  
King, D.A., Morgan, W.W., Miller, R.K., Sanders, J.O., Lunt, D.K., Taylor, J.F., Gill, C.A., Savell., 2006. Carcass merit between and among 
family groups of Bos indicus crossbred steers and heifers. Meat Science 72(8), 496-502.  
Lynch, A., Kerry, J.P., O’Sullivan, M.G., Lawlor, J.B.P., Buckley, D.J., Morrissey P.A., 2000. Distribution of Į-tocopherol in beef muscles 
following dietary Į-tocopherol acetate supplementation. Meat Science 56(2), 211-214.  
Offer, G., Knight, P., 1998. The structural basis of water-holding in meat. Part 2: Drip losses. In: R.A. Lawrie (Ed.), Developments in Meat 
Science. London: Elsevier Applied Science.  
Rossell, J.B., 1994. Measurement of Rancidity.In: Rancidity in Foods. J. C Allen. and R. J. Hamilton (eds) Blackie Academic and Professional, 
London, UK, pp. 22-53.  
SAS (Statistical Analysis System). 2008. SAS Institute Inc., SAS/STAT 9.2 user’s guide, Cary, NC, USA.  
150   Kittipong Samootkwam et al. /  Agriculture and Agricultural Science Procedia  5 ( 2015 )  145 – 150 
Streiter, P.J., Campbell, C.P., Mandell, I.B., 2012. The effects of skeletal separation and moisture enhancement for improving the eating quality 
of cull cow beef. Meat Science 92, 400-408.  
Waritthitham, A., Lambertz, C., Langholz, H.-J., Wicke, M., Gauly, M., 2010. Assessment of beef production from Brahman x Thai native and 
Charolais × Thai native crossbred bulls slaughtered at different weights. II: Meat quality. Meat Science 85, 196–200.  
Warren, H.E., Scollan, N.D., Enser, M., Hughes, S.I., Richardson, R.I., Wood, J.D., 2008. Effects of breed and a concentrate of grass silage diet 
on beef quality in cattle of 3 ages. I: Animal performance, carcass quality and muscle fatty acid composition. Meat Science 78(3), 256-269. 
